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New Forward Gated-Diode Technique for Separating
Front Gate Interface—from Oxide-Traps Induced
by Hot-Carrier-Stress in SOI-NMOSFETs
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(Institute of Microelectronics, Peking University, Beijing

100871, China)

Abstract: The front gate interface—and oxide—traps induced by hot-carrier-stress in SOI-NMOSFETs are studied.

Based on a new forward gated-diode technique. the R-G current originating from the front interface traps is mea—

sured, and then the densities of the interface—and oxide—traps are separated independently. The experimental re—

sults show that the hot-carrier—stress of front channel not only results in the strong generation of the front inter—

face traps. but also in the significant oxide traps. These two kinds of traps have similar characteristic in increasing

with the hot-carrier-stress time. This analysis allows one to obtain a clear physical picture of the effects of the hot-

carrier-stress on the generating of interface—and oxide—traps, which help to understand the degradation and relia—

bility of the SOI-M OSFETs.
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1 Introduction

The interface and oxide traps seriously de-—
grade the performance and also influence the life—
time of MOSFET devices'"”. For SO N-M OSFET
devices, this effect becomes more evident due to the
existing of the interfaces and the coupling of each

Y In

other of front and back oxide-semiconductor'™
this case, extraction or measure of interface and ox—
ide-traps are very important work in modeling of
the performance and designing of the device struc-

ture.
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However, the analysis of hot-carrier-stress
(HCS) which induced degradation of SOI-MOS-
FETs is a complicated problem due to the dual
channel and the front-back-interface coupling ef-
fect' . Most of the previous studies only used the
channel current or transconductance as the monitor
of the induced degradation in SOI-NMOSFETs.
The kinds of methods often do not allow clear sep-
aration of the interface—traps from the oxide—traps
generation.

Recently, the forward gated-diode method has
been used to characterize the interface traps and to

extract the bulk carrier recombination lifetime in
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the SOI devices. By extracting recombination-gen-—
eration (R-G) current, some very good results have

- the

been achievec . It has been shown that
method is simple, sensitive, quickly applicable and
nondestructive.

In this paper, a new forward gated-diode tech—
nique is presented to study the separation of the
front gate interface— traps from the oxide— traps
due to the hot-carrier-stress in SOI-NMOSFETSs.
Due to the unique feature of the forward gated-
diode method, the amplitude of its R-G peak cur-
rent only depends on the interface traps while the
critical gate voltage associated with the R-G peak
current is related with the interface— and oxide-
traps induced'”""". From the analysis of the height
and position shift of R-G peak current, this method
enables us to separate the interface—traps from ox-
ide— traps effectively. The validity of this method

has been verified experimentally in this paper.

2 Principle of measurement

The diode operates in the sub-threshold region
when the small forward bias (Vi< 0.7V) is applied
to the gated-diode. Thus, the diode current com-
prises a small diffusion current component and a
large R-G current component arising from the re-
combination-generation mechanism of the front in—
terface traps. According to the SRH theory, the
maximum rate of the recombination will occur
when the front interface potential coincides with
the intrinsic Fermi level or N<—P.. By scanning the
front gate voltage to make the front interface po-
tential vary from the accumulation to depletion.
The maximum recombination condition will be sat—
isfied along the channel region from the edge of
source toward the edge of drain. As a result, the
diode current demonstrates a sharp peak at certain
critical gate voltage, which arises from the contri-
bution of the generation-recombination via inter—
face traps, as shown in References| 7~ 12].

Based on the discussion mentioned above, it

can be concluded that the hot-carrier-stress in-

duced interface traps which contribute an increase
of the R-G current, leading a significant increase in
the diode R-G peak current. Thus this increased
amplitude can be used in determining the density of
induced interface traps. Following the stress. the
increased R-G current component induced by the
hot-carrier-stress can be simply modeled

Al yure = 1 peakstress,j — (1)

where j represents the j-th stress experiment;

I peak-origin

I jesk=ress.j represents the diode R-G peak current af-
ter the hot-carrier-stress and [pekorigin is defined as
the diode R-G peak current before the hot-carrier—
stress.

Thus, we can extract the values of increased
R-G peak current from equation (1) for the differ—
ent hot-carrier-stress time and bias voltage. Based
on the SRH statistics theory, the relationship be-
tween the value of induced R-G peak current and
the density of interface traps can be simply de-

. 7
scribed by 7

l 1/2 ﬁh
Al pure = ) gni( eney) " TADWA ceT (2)

where ni represents the density of intrinsic carrier,
ADu represents the density of the induced interface
traps, Ac is the effective area of gate, Vv is the

3.8_]

diode forward voltage, and ex= ¢,= 10" "em”
On the other hand, that the hot-carrier-stress
induced interface—and oxide—traps will increase the
critical gate voltage associated with the R-G peak
current, demonstrating a significant shift of posi-
tion in gate voltage at which the R-G peak current
occurs. T he amplitude of shift of critical gate volt-
age directly indicates the amount of generation of
the interface— and oxide—traps. This effect can be

expressed as
AV Gpeak = AVi+ AV
(3)

where Vopeaksiess.j represents the position of diode

s
V Gpeakstress.j = V(Hu'elk-nrigin =

R-G peak current after the hot-carrier-stress ex-—
periment and Vapek-origin is defined as the position of
diode R-G peak current before the hot-carrier—

qADil - e(h' q:w ol

AVH = (‘m Cm

stress. and AV, = repre—
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sent the R-G peak current and voltage shift due to
the interface traps and oxide traps, respectively.

Since the density Du of generated interface
traps has been calculated from the increased height
of the R-G peak current, the density N of generat—
ed oxide trap can also be determined from equation
(3). Thus, by the means of shift of the R-G peak
current, the oxide traps induced by the hot-carrier—
stress can be readily measured directly.

In order to avoid the influence of the back gate
interface, we have to measure the R-G current by
scanning the front gate voltage when the back gate
interface is forced into the strong accumulation by
using a negative back gate voltage. As a result, the

measured R-G current only reflects the effect of

=
Body(p*)
B p* -pely
: Ls n”-poly
T o
v 4 =
¢ Source(n* ) Prain(n*)
Gate (a)

Fig. 1

In the measurement, the source and drain are
connected to ground while applying biased voltage
Vi to the body contact. As a result, the source and
drain/body contact formed a forward diode. Based
on the principle of measurement discussed above,
by scanning the front gate voltage, the R-G current
originating from the front gate interface— and ox-
ide—traps was obtained under the condition of back
gate voltage V2 of — 10V for the back interface in—
to the strong accumulation. In order to perform a
hot-carrier-stress experiment, we applied a con-—
stant gate voltage of 0.55V and drain voltage of
6V to the respective contacts while the source and
body contacts were grounded. The accumulated

stress time is changed from Os, through 20, 60,

front gate interface traps due to the hot-carrier—

stress.
3 Experiments and measurement

The devices used in this study were SOI-
NMOSFETs made in SIMOX wafers with n” —poly
gate. T he final thickness of the gate oxide, the sili-
con film and the buried oxide were 20, 160 and
400nm, respectively. The impurity concentration in
the silicon film was adjusted to about 10 em™ * The
channel length is 4um with the width of 8um. A
body contact was made on one side of the MOS-
FET for the gated-diode measurement. The top
view of the device is shown in Fig. I, which con-

sists of the source and drain/body n” p junction.

Source & drin

Front gate

Silicon: substrate

|

Back gate {b)

Top view of the fabricated SOI device (a) and diagram of the experimental set-up (b)

100, 200, 500, 1000s, finally to 5000s. The R-G cur—
rent characteristics of the devices were automati—
cally recorded by a semiconductor parameter ana-

lyzer HP-4156B after each stress duration.

4 Results and discussion

The plots of Fig. 2 show the diode current a-
gainst the scanned front gate voltage, showing the
evolution of the R-G current with the hot-carrier—
stress time. As seen in this figure, following the
stress, the sharp R-G peak current grows in magni-
tude, exhibiting accumulated stress-time depen-—
dence. It is also apparent that the hot-carrier-stress

causes a positive shift of the critical voltage of the
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front gate R-G peak current position, this can be
explained by the electron-hole pairs generation due
to the hot-carrier-stress. And then electron were

trapped at the front gate oxide layer.

HCS condition:
Vg =0.55V, V=6V
Stress time/s
0,10,20,60, 100, -+
""" 3k, 4k, 5k

Fig. 2 Front interface R-G current versus the front

gate voltage curves at the different hot—carrier—stress

times

From these measurements, the R-G current
component induced by the hot-carrier-stress was
simply modeled with the equation (1) for the dif-
ferent stress time. And then, the induced front in-
terface traps can be directly extracted with the e-
quation (2) at the different hot-carrier-stress time.
The results are shown in Fig. 3. As seen in this fig—
ure, the density of interface traps significantly
grows with the accumulated stress time, exhibiting
logarithmic time dependence. From these measured
scatter points, we further revealed that the front
interface-trap density induced by hot-carrier-stress
increases in a power law with relationship of AN -
t" where the factor n is fitted to 0.7, as shown in
Fig. 3.

Based on the obtained front interface traps, we
extracted the induced oxide traps from the mea-
sured R-G peak current position and the equation
(3). The calculated results are shown in Fig. 4. As
seen in this figure, also does the induced oxide
traps increase exponentially with an increase of the
stress time, showing a quite same trend as that of
the interface traps. The fit relationship of AN«a~" is
of the factor n of 0. 85, a slightly larger than that of

interface traps.
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Fig. 3 Extracted and fit relationship between the
density of front interface traps induced by hot—

carrier=stress and the time ol stress
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Fig. 4 Extracted and fit relationship between the
density of front interface oxide trap induced by

hot=carrier-stress and the times of stress

5 Conclusion

[n this paper, the generation of the front gate
interface—and oxide-traps due to the front channel
hot-carrier-stress has been studied experimentally
by a new forward gated-diode technique. Based on
the measurement of the R-G peak current and its
critical gate voltage associated with the hot-carrier—
stress time, the induced interface—and oxide—traps
have been extracted separately. The experimental
results show that the increase of the oxide-and in-

terface— traps with an increase of the hot-carrier—
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